The article demonstrates a method of simultaneous determination for four pesticide residues (phoxim, chlorpyrifos, imidacloprid and chlorantraniliprole) in bamboo shoot using quick, easy, cheap, effective, rugged and safe (QuEChERS)- 
Introduction
Bamboo shoot is an important non-timber forest product (NTFP) in the edible forest foods of Asia areas, and is also exported in large quantities to Japan, EU and USA. It is rich in nutrients, and its major components are carbohydrate, protein, lipid and dietary fiber (Chang et al., 2013) . Other functional components include vitamins, amino acids and trace elements (Singhal et al., 2013) . Currently, it is conventional practice for bamboo shoot growers to apply pesticides to control diseases and pests. The presence of pesticide residues in bamboo shoot is one possible risk source for consumers, due to their possible long adverse health effects (Eddleston 2013; Hernandez et al., 2013) . So it is necessary to monitor and control residual levels in bamboo shoot in order to meet regulatory requirements and protect the consumers. Bamboo shoot is planted in forestland and suffers little effect from other plants (different from the agricultural products in farmland). So the kinds of pesticide residues in bamboo shoot could be concluded from the cultivation procedure. Phoxim and chlorpyrifos are traditional insecticides for insect control in bamboo s h o o t ; h o w e v e r , t h e a p p l i c a t i o n o f i m i d a c l o p r i d a n d chlorantraniliprole are developed fast in last few years. In this context, it is important to note that there are many published papers about analytical methodologies for different kinds of pesticide residues determination in vegetables (Arienzo et al., 2013) , fruits (Banerjee et al., 2013; Malhat et al., 2013) and animal muscles (Park et al., 2013) . In contrast, scientific reports about sample preparation or development of analytical methodologies for pesticide residues quantification in bamboo shoot are scarce (Guo et al., 2011) .
The practical needs for an appropriate pesticide control are mainly focused on simple and fast sample treatment methods that may be easily implemented in routine laboratories. The QuEChERS (quick, easy, cheap, effective, rugged and safe) method is well known for its applicability in simultaneous analysis of a large number of pesticides in a variety of matrices, and has received a worldwide acceptance because of its simplicity and high throughput (Miao et al., 2013) . This method is based on an acetonitrile extraction and an induced partition by addition of anhydrous MgSO 4 and NaCl. Traditionally, a commercial solid-phase extraction (SPE) column is often used for the next clean-up step to remove the coextracts. The QuEChERS-SPE method has been applied for many kinds of pesticides in different matrices (Forsberg et al., 2011; Kowalski et al., 2011) .
In our previous paper (Ding et al., 2013) , a method based on SPE and LC-MS/MS (liquid chromatography-tandem mass spectrometry) for seven pesticides residues determination in bamboo shoot was developed. The sample was extracted with acetonitrile.
However, the commercial SPE column is high cost and the matrix effect still exists. Although the matrix-matched calibration method was used to avoid matrix effect with certain matrixes, some problems occurred in the large scale samples analysis. When the samples came from different regions, the matrixes were also variable, which weakened the accuracy and precision of the results (due to the only matrix-matched calibration). There is impossible to build many calibrations to fit different samples, especially in real samples analysis. In addition, the previous procedure had a bit large of sample amount (25 g sample) and high solvent consuming (at least 60 mL acetonitrile), many co-extracts were also extracted and might decrease the chromatography stability and sensitivity. Therefore, a new environment-friendly method should be developed to overcome the matrix effect. And the pesticide residues in bamboo shoot could be determined by standard calibration.
Recently, matrix solid-phase dispersion (MSPD) has been found, in many cases, to provide equivalent or superior results to older official methods conducted by more classical countercurrent extraction and/or SPE techniques (Sobhanzadeh et al., 2011; Villaverde et al., 2012) . MSPD achieves sample homogenization, extraction, and cleanup simultaneously by using a relatively small sample size, low solvent consumption, and a minimum amount of solid phase. MSPD has been shown to be applicable to pesticide residue analysis of oil (Liu et al., 2013) , onion (Rodrigues et al., 2010) , and milk (Mu et al., 2012) 
Materials and Methods
Reagents and solutions HPLC-grade acetonitrile and formic acid were obtained from Merck (Darmstadt, Germany). Phoxim, chlorpyrifos, imidacloprid and chlorantraniliprole were purchased Table 1 . This mixture was then transferred to a commercially available minicolumn. The minicolumn was connected to a vacuum system for solid phase extraction adjusting the flow to 1 mL/min. The elution step was carried out with 5 mL of eluting solution. The final extract was evaporated to dryness by nitrogen, then was dissolved in 0.5 mL acetonitrile. Prior to analysis, the obtained extract was filtered through a 0.22 μm PTFE filter (Milford, MA, USA).
Sample extraction by QuEChERS
Evaluation of matrix effect Matrix effect (%ME) is that the measurement of an analyte concentration or mass is influenced by one or more undetected components from the sample. In order to evaluate the influence of matrix components in the detector response, two sets of standard solutions containing the four pesticides at three concentration levels of 10, 100 and 1000 µg/L were prepared. The into a 250 mL flat conical flask followed by 100 mL methanol.
After 30 min, the mixture was extracted by homogenization with the high speed blender for 2 min. The filtrate was collected and the residue was extracted by 80 mL methanol for homogenization once again. All the filtrates were transferred into a 500 mL separatory funnel (100 mL 5% NaCl solution included) and extracted with 50, 50 mL petroleum ether. The bottom layer (water) was collected.
After addition of 0.5 mL HCl, the mixture was extracted with 40, 30, 20 mL dichloromethane. The organic phase was collected and then concentrated to about 2 mL at 40℃. Finally, the extract was concentrated nearly to dry by nitrogen and a SPE column was applied for the purification process. The final extract was dissolved in 10 mL methanol. Prior to analysis (HPLC), the obtained extract was filtered through a 0.22 μm PTFE filter.
Chlorantraniliprole analysis. Because chlorantraniliprole is a new type insecticide, it has not been included in any standard methods. We used the same extraction method as phoxim analysis in this comparison study.
Results and Discussion
QuEChERS extraction As shown in Table 2 , the extraction efficiencies of QuEChERS for the four pesticides were from 58.5%
to 86.1%. However, during the concentration process, some white particles were precipitated out, which might be the co-extracts of polysaccharides from bamboo shoot. And the co-extracts had a notable effect on the stability of the method, which was confirmed by the RSD% data (>16%, even up to 27.9% for imidacloprid). To compare the matrix effect, responses of matrix matched standards were compared with responses of the solvent ones. Matrix matched standards were acquired by added standard solution into the final blank sample solution. As shown in Table 2 , the matrix effects were obviously decreased for the four pesticides, even down to _ 64.7% for imidacloprid. Therefore, a clean-up procedure was necessary.
Selection of sorbent PSA and GCB were often used to remove interferences and pigments. However, they may also interact with target compounds or cause the loss of analytes. To evaluate possible adverse effects of PSA and GCB on determination the four pesticides, a series of experiments were conducted with different amount of PSA and GCB combined with 1 mL of acetonitrile extracting solution at 100 µg/kg fortification level (Table 3) . With the increase of the amount of PSA from 0.5 g to 2.0 g, the average recoveries of the four pesticides were increased from 30.7% to 73.3%. When the amount of PSA was up to 3.0 g, the recoveries was decreased, which might result from the insufficient dosage of eluting solvent. When the dosage was improved from 5 mL to 10 mL, the data could be increased. However, the recoveries of imidacloprid were unsatisfactory (below 59%) from PSA analysis. In comparison, the average recoveries for the four pesticides from GCB analysis were all smaller than the PSA analysis. So 2.0 g PSA was chosen in the next study. 0% to 100% (volume percent) in dichloromethane were used to test the recoveries of the pesticides from bamboo shoot. Fig. 1 showed the results of recovery (R%) for the compounds under evaluation using different elution solvents (The spiked level was 100 µg/kg).
Selection of elution solvent
According the R% values, when the ratio of dichloromethane was more than 40%, a notable overestimation performance from most of the tested pesticides (except imidacloprid) appeared. However, the ratio of acetonitrile in dichloromethane between 70% _ 90% resulted in satisfactory R% for all of the pesticides (R% between 70% _ 110%). Obviously, the addition of dichloromethane could improve the elution ability of the elution solvent (compared with the single acetonitrile). The mixture acetonitrile: dichloromethane (7:3, V/V) was chosen as the optimal elution solvent owing to the satisfactory results for all the tested pesticides (R ranged 96.7% _ 102.4%, with RSD < 10%). Table 4 . For all Repeatability of the developed analytical method in order to obtain precision were calculated by running three extractions of bamboo shoot samples in five replicate in single day and in three different days, as intra-day and inter-day precision study. Table 4 shows the recovery values and the RSDs obtained from these assays. The limit of detection (LOD) for the four pesticides was 20 µg/kg. The method LOD levels are considerably low since they are far below the maximum residue level regulations established for selected pesticides in this study. The method validation studies for spiked samples indicated that the present method provides good recoveries and reasonable precision for selected pesticides. Applications of the method Twenty bamboo shoot samples available from the local market and production base were analyzed for the four pesticides using the above method. The results from the real samples showed that only chlorpyrifos was detected in one sample (Fig. 2) , but it was found below the maximum residue levels allowed by the regulation.
Method validation

Comparison with traditional standard method As shown in
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